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7  T H E  T R A N S D E S I G N ,  W I N D I N G  A N D  T E S T I N G  O F  A  D I S U S E D  
4 - P O L E  S Q U I R R E L  C A G E  S I N G L E - P H A S E  I N D U C T I O N  M O T O R  
F O R  4 - P O L E ,  T H R E E - P H A S E  O P E R A T I O N  
1 .  I N T R O D U C T I O N  
C .  A .  A N Y A E J I  
S .  B .  I B R A H I M  
S .  T .  W A R A  
6 2  
T h e  r e w i n d i n g  o f  a  b u r n t - o u t  i n d u c t i o n  m o t o r  s t a t o r  i s  a  
p a i n s t a k i n g  e x e r c i s e  i n v o l v i n g  m a i n l y  t h e  f a i t h f u l  c o p y i n g  o f  t h e  
e x i s t i n g  w i n d i n g .  T o  a c h i e v e  t h i s ,  t h e  d a t a  o f  t h e  o r i g i n a l  w i n d i n g  
m u s t  b e  c a r e f u l l y  t a k e n .  T h i s  i n c l u d e s :  
( i )  d i f f e r e n t  t y p e s  o f  c o i l s  t h a t  m a y  b e  p r e s e n t ;  
( i i )  t h e  d i s p o s i t i o n  o f  t h e  c o i l s ;  
( i i i )  t h e  n u m b e r  o f  t u r n s  i n  e a c h  c o i l ,  a n d  
( i v )  t h e  c o n d u c t o r  s i z e  u s e d  i n  e a c h  c o i l  t y p e .  
F a i t h f u l  r e c o r d i n g  o f  t h e  a b o v e ·  r e q u i r e s  s k i l l  a n d  d e d i c a t i o n  
o n  t h e  p a r t  o f  t h e  p e r s o n  e n g a g e d  i n  t h e  r e w i n d i n g .  T h e  s k i l l s  a r e  
a c q u i r e d  b y  p r o p e r  k n o w l e d g e  g a i n e d  f r o m  e~perienced p e r s o n n e l  b y  u s i n g  
t h e  a p p r o p r i a t e  e q u p m e n t s  s u c h  a s  m i c r o m e t e r  s c r e w  g a u g e  a n d  t e c h n i q u e s .  
T h i s  s i t u a t i o n  i s  n o t  u s u a l l y  r e a d i l y  a v a i l a b l e  i n  N i g e r i a  a s  t h e  
a m a t e u r  r e w i n d e r  u s u a l l y  p i c k s  u p  t h e  t e c h n i q u e  h a l f  b a k e d  a n d  w i t h  
t h e  u s e  o f  m a k e - s h i f t  m e t h o d s  f r o m  l o w  l e v e l  a p p r e n t i c e s h i p .  I t  s h o u l d  
b e  n o t e d  t h a t  a n y  e r r o r  i n  a n y  o f  t h e  f o u r  i t e m s  o f  i n f o r m a t i o n  a b o v e  
w i l l  r e s u l t  i n  w r o n g  r e w i n d i n g  w i t h  c o n s e q u e n t  m a l f u n c t i o n  o f  t h e  m o t o r  
s u b s e q e n t l y .  O n c e  t h i s  e r r o r  i s  m a d e ,  i t  i s  v e r y  d i f f i c u l t  i f  n o t  
i m p o s s i b l e  t o  c o r r e c t .  T h e  r e s u l t  o f  t h e  a b o v e  i s  t h e  a b u n d a n c e  o f  
d i s u s e d  i n d u c t i o n  m o t o r s  i n  i n d u s t r i e s  a n d  e l s w h e r e  a l l  i n  N i g e r i a .  
I n  t h e  w o r k  r e p o r t e d  h e r e ,  a n  a t t e m p t  i s  m a d e  t o  p u t  t h e  d i s u s e d  
m o t o r s  t o  s o m e  f o r m  o f  u s e  b y  r e d e s i g n i n g  t h e  s t a t o r .  S t a r t i n g  f r o m  
t h e  e a s y  c a s e ,  t h e  r e d e s i g n  f o r  t h r e e - p h a s e  o p e r a t i o n  i s  u n d e r t a k e n .  
2 .  M O T O R  D A T A  
T h e  m o t o r  h a s  n o  n a m e - p l a t e  a n d  h e n c e  n a m e  p l a t e  d a t a  w e r e  n o t  
a v a i l a b l e .  H o w e v e r ,  p h y s i c a l  m e a s u r e m e n t s  w e r e  m a d e  a n d  t h e  v a l u e s  
a r e  g i v e n  b e l o w : -
A x i a l  l e n g t h  o f  s t a t o r  c o r e  
B o r e  d i a m e t e r  
R o t o r  d i a m e t e r  
A i r g a p  l e n g t h  
N u m b e r  o f  s t a t o r  s l o t s  
N u m b e r  o f  l a m i n a t i o n  i n  t h e  
s t a t o r  c o r e  
=  
=  
=  
=  
=  
4 4 . 4 m m  
7 8 m m  
7 6 . 4 5 m m  
0 . 7 8 m m  
3 6 m m  
7 0  
I t  i s  k n o w n  t h a t  
i s  1 5 0 0  r e v / m i n .  
f o r  s u c h  m o t o r s  i n  s e r v i c e ,  t h e  s y n c h r o n o u s  
T h u s  t h e  n u m b e r  o f  m a g n e t i c  p o l e s  i s  4 .  
3 .  S T A T O R  W I N D I N G  R E D E S I G N  D A T A  
3 . 1  S l o t  A l l o c a t i o n  
s p e e d  
S i n c e  t h e r e  a r e  a l t o g e t h e r  3 6  s l o t s ;  t h u s  f o r  4 - p o l e  o p e r a t i o n  
t h e r e  w i l l  b e  9  s l o t s  p e r  p o l e  a n d  3  s l o t s  p e r  p o l e  p e r  p h a s e .  
S l o t  c ! l n g l e  =  1 8 0 °  
9  
2 0 °  ( e l e c t r i c a l ) .  
F o r  a n  u n b i f u r c a t e d  c o n c e n t r i c  w i n d i n g ,  t h e  w i n d i n g  f a c t o r  c o n s i d e r i n g  
t h r e e  c o i l s  p e r  p o l e  p e r  p h a s e  w i l l  b e  - K w l  =  0 . 8 5 4 4 .  
. .  
r  
f  
I  
" ' " ' ·  
3 . 6  C o n d u c t o r  S i z e  
T h i s  c a n  b e  e v a l u a t e d  f r o m  a n y  o f  t h e s e :  
( i )  c u r r e n t  d e n s i t y  a p p r o a c h ;  o r  
( i i )  s l o t - f u l l n e s s  a p p r o a c h .  
6 4  
T h e  u s e  o f  m e t h o d  (  i )  g a v e  w i r e  s i z e  a s  S W G 2 2  (  d  =  0 .  7 l m m )  f o r  
a  c u r r e n t  d e n s i t y  o f  3 .  8 8 A / m m
2
•  U n f o r t u n a t e l y  t h i s  s i z e  c o u l d  n o t  
b e  a c c o m m o d a t e d  i n  t h e  s l o t s .  T h e  s e c o n d  a p p r o a c h  ( s l o t f u l l n e s s )  
w a s  t h e n  u s e d .  T h i s  g a v e  t h e  s i z e  a s  S W G 2 5 .  T h i s  w a s  f i n a l l y  u s e d  
a s  t h e  w i r e  c o u l d  b e  a c c o m m o d a t e d .  
4 .  C O N S T R U C T I O N  
4 . 1 .  W i n d i n g  o f  t h e  S t a t o r  
T h e  s t a n d  h a n d  m e t h o d  w a s  u s e d .  T h e  c o i l s  w e r e  m a d e  o n  a  s u i t a b l e  
f o r m e r  a n d  t h e n  p l a c e d  i n s i d e  t h e  a p p r o p r i a t e  s l o t s  h a v e  b e e n  
a p p r o p r i a t e l y  i n s u l a t e d .  T h e  c o i l s  w e r e  l a b e l l e d  a p p r o p r i a t e l y  t o  
f a c i l i t a t e  c o n n e c t i o n s .  T h e  c o i l s  t h e m s e l v e s  w e r e  h a n d  m a d e .  
A l t e r n a t i v e l y ,  t h e y  c o u l d  h a v e  b e e n  m a c h i n e - w o u n d  b u t  i t  i s  b e t t e r  
t r a i n i n g  t o  u s e  t h e  m a n u a l  m e t h o d  a s  t h e  c o i l  w i n d i n g  m a c h i n e  i s  m o s t  
u n l i k e l y  t o  b e  a v a i l a b l e  t o  t h e  i n d i v i d u a l  e a s i l y .  
A f t e r  t h e  c o i l s  h a d  b e e n  p l a c e d  i n t o  s l o t s  t h e  e n d  c o n n e c t i o n s  
w e r e  m a d e  a n d  p r e l i m i n a r y  t e s t s  c a r r i e d  o u t .  T h e s e  i n c l u d e  c o n t i n u i t y  
t e s t s  a n d  i n s u l a t i o n  t e s t s .  T h e  s t a t o r  i s  c o n n e c t e d  i n  s t a r .  T h e  
d e v e l o p e d  d i a g r a m  o f  t h e  w i n d i n g  i s  s h o w n  i n  F i g u r e  1 .  
4 . 2  V a r n i s h i n g  a n d  B a k i n g  
T h e  s t a t o r  w i n d i n g s  w e r e  v a r n i s h e d  a n d  b a k e d  i n  a  l o c a l l y - m a d e  
e v e n .  t h e  b a k i n g  w a s  d o n e  t w i c e .  T h e  f i r s t  t i m e  f o r  f o u r  h o u r s  a n d  
t h e n  l e f t  t o  c o o l  t i l l  t h e  n e x t  d a y  b y  w h i c h  t i m e  i t  w a s  a g a i n  b a k e d  
f o r  a n o t h e r  f o u r  h o u r s .  
4 . 3  A s s m b l i n g  o f  M o t o r  
A f t e r  t h e  b a k i n g ,  t h e  m o t o r  w a s  a s s e m b l e d ,  c a r e  b e i n g  t a k e n  t o  
e n s u r e  t h a t  t h e  e n d  p l a t e s  d i d  n o t  i n j u r e  t h e  e n d  w i n d i n g s .  
5 .  T E S T I N G  
T h e  f o l l o w i n g  m a j o r  t e s t s  w e r e  c a r r i e d  o u t :  
( i )  I n s u l a t i o n  r e s i s t a n c e ;  
( i i )  
( i i i )  
( i v )  
T e m p e r a t u r e  r i s e ;  
N o - l o a d ;  
L o c k e d  R o t o r  ( s h o r t - c i r c u i t )  t e s t .  
5 . 1  I n s u l a t i o n  R e s i s t a n c e  T e s t  
T h i s  w a s  c a r r i e d  o u t  w i t h  a  m e g g e r  c o n n e c t e d  b e t w e e n  ~he p h a s e  
t e r m i n a l  a n d  t h e  e a r t h .  T h e  r e s u l t s  a r e  a s  f o l l o w s :  
P h a s e  A  - 4 . 0  M e g a o h m ;  P h a s e  B  - 3 . 5  M e g a o h m ;  P h a s e  C  - 4 . 0  M e g a o h m .  
5 . 2  T e m p e r a t u r e  R i s e  T e s t  
T h i s  t e s t  c a n  b e  c a r r i e d  o u t  b y :  
( i )  d i r e c t  m e c h a n i c a l  l o a d i n g ;  o r  
( i i )  c o u p l e d  d e  o r  a . c  g e n e r a t o r .  
T h e  o b j e c t i v e  i s  t o  l o a d  m o t o r  a n d  o b s e r v e  t h e  t e m p e r a t u r e  r i s e ,  
s p e c i f i c a l l y  n o t e  t h e  h i g h e s t  t e m p e r a t u r e  r e a c h e d .  '  
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The monitoring of the temperature can be done in one of several 
ways. Thus a thermocouple can be included in the winding. A 
thermometer can also be used. The disadvantage of the latter method 
is that it will not usually monitor the hot spots. However, this 
second method was used in the work. The result is given below. No-
load running for 15 minutes, observed temperature rise = 17 centigrade 
degree. The desired temperature rise is the one at full load. 
No-load Test 
The motor was connected to the mains, switched on and the 
following readings taken: 
Line Volta~e (Y)(V)Line Current (A) Power (W) Speed (rev/min) 
IA IB IC Wl W2 
400 0.4 0.4 0.4 70 0 1200 
5.4 Locked rotor (Short-Circuit) Test 
The rotor was mechanically prevented from rotating and a reduced 
voltage applied to the stator. The following results were obtained. 
Line Voltage Line Current (A) Power (W) 
(Y) (V) lA lB lC Wl W2 Wl + W2 
240V 1.1 1.2 1.3 220 80 300 
5.5 Load Test 
6. 
This test was not carried out by arrangements are under way to 
do so. It involves finding a suitable load for the motor. It could 
easily be used to drive a d.c. generator loaded by resistance bank. 
ANALYSIS OF RESULTS 
The test results 5.3 and 5.4 above were analysed to obtain actual 
performance parameters and compare same with values calculated 
theoretically. In addition the circle diagram was drawn for the 
machine. From test 5. 3, the magnet ising parameters were evaluated, 
and from test 5.4 the short circuit parameters were evaluated. Thus 
the equivalent circuit was fully determined and dr(awn as shown in 
Figure 2 . 
7. COMPARISON OF RESULTS 
The predicted values of performance parameters were compared 
with test results and these are shown in the Table below. 
PARAMETER 
Full load efficiency 
Maximum output 
Full load slip 
Full load current 
Power factor 
PREDICTED 
63% 
677 watts 
'0:06 p.u. 
1.4A 
0.68 
DEDUCED FROM TESTS 
66'7. 
339 watts 
0.136 p.u. 
0. 77A 
0. 77 
6 6  
C O N C L U S I O N  
T h e  r e s u l t s  o b t a i n e d  f r o m  t h e  w o r k  a r e  v e r y  e n c o u r a g i n g ,  s o  m u c h  
s o  t h a t  f u r t h e r  w o r k  i s  g o i n g  o n  i n  t h e  p r o j e c t .  A n o t h e r  d i s u s e d ,  
t h i s  t i m e  a  b i g g e r  m a c h i n e ,  i s  b e i n g  t r a n s d e s i g n e d  a g a i n  f r o m  s i n g l e -
p h a s e  t o  t h r e e - p h a s e  o p e r a t i o n .  I t  i s  h o p e d  t h a t  i n  t h e  e n d  a  c o m p u t e r  
a i d e d  a p p r o a c h  w i l l  b e c o m e  o p e r a t i o n  a n d  t h u s  m o t o r s  c a n  v e r y  q u i c k l y  
b e  r e h a b i l i t a t e d .  
A K N O W L E D G E M E N T  
T h e  p r i n c i p a l  a u t h o r  w i s h e s  t o  a c k n o w l e d g e  w i t h  g r e a t e s t  s i n c e r e i t y  
t h e  i n v a l u a b l e  h e l p  o b t a i n e d  f r o m  E n g r  .  . t > r o f e s s o r  P  . A .  K u a l e  i n  t h i s  
e x e r c i s e .  P r o f e s s o r  K u a l e  l i t e r a l l y  u s e d  f o r c e  t o  g e t  t h i s  w o r k  
p u b l i s h e d .  B u t  f o r  t h i s  h i s  i n p u t ,  t h e  w o r k  w o u l d  h a v e  b e e n  f i l e d  
a w a y  a s  h a s  h a p p e n e d  t o  m a n y  o t h e r s ,  w i t h o u t  b e i n g  p u b l i s h e d  ( C  . A .  
A n y a e j i ) .  
0 .  R E F E R E N C E S  
1 .  S a y ,  M . G . ,  P e r f o r m a n c e  a n d  D e s i g n  o f  A .  C .  M a c h i n e  
3 r d  E d . ,  P i t m a n  P u b l i s h i n g  L t d .  
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Fig-t: Developed Dogram Cf The W;ndirg 
· (Conc~ntyt_c T~F~) 
